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1 Introduction

At the previous RAN1 WG meeting, the mini-slot physical structure for NR design was discussed. The following agreements have been made by RAN1 WG.

Agreements:
	RAN1#87
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1

· Lengths from 2 to slot length-1

· FFS on restrictions of mini-slot length based on restrictions on starting position

· For URLLC, 2 is supported, FFS other values

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot


In this contribution, we focus on mini-slot design aspects for URLLC services while our views on mini-slot design for other use cases are provided in [1]. Other NR design aspect related to support of URLLC services are provided in our companion contributions [2]-[7].

2 Mini-slot for URLLC Applications
2.1 Mini-Slot Length/Duration
For URLLC applications, the mini-slot length should be determined considering latency, reliability and typical packet sizes. It is clear that to meet latency of 0.5ms, the mini-slot duration should not be larger than 0.1ms in order to allow for at least one retransmission of URLLC packet. This consideration gives upper bound on mini-slot length, which converts to one symbol assuming 15 kHz subcarrier spacing (i.e. 0.071ms), two symbols in case of 30kHz and four symbols in case of 60kHz subcarrier spacing. The further reduction of the single mini-slot transmission duration will decrease link budget but may be still reasonable from URLLC system capacity perspective since it can be used for UEs that are not constrained by link budget.
Observation 1
· The following mini-slot durations can be considered as a baseline for URLLC services depending on numerology: one symbol for 15 kHz; two symbols for 30 kHz; four symbols for 60 kHz.

Given the resistance of multiple companies to define one symbol mini-slot for URLLC services, for the sake of progress on URLLC, we limit our discussion by considering two symbol mini-slot length, as a minimum mini-slot length for URLLC services as it was already agreed at the last RAN1 WG meeting.
In terms of transmission duration, the UE link budget directly depends on transmission duration and therefore the NR should support flexible transmission duration. Given that mini-slot length of two symbols was agreed, it is an open question whether URLLC transmission should be multiple of two OFDM symbols or arbitrary length. In our view, the arbitrary length is a more reasonable design option assuming some further alignment of URLLC transmissions with slot boundaries. However, we do not expect significant performance loss if URLLC transmission is constrained to be multiple of two symbols. In addition, this option can provide some savings in terms of control signaling and can simplify design of mini-slot physical structure and processing for URLLC applications.
For slots composed from 14 symbols, it is also important to consider the additional mini-slot physical structure which is a half of a slot length and therefore we suggest to support seven symbol mini-slot structure for URLLC application as well.

Proposal 1
· Flexible URLLC transmission durations, at least multiple of two symbols (i.e. 2, 4, 6, 8…) are supported by NR.
· The following mini-slot configurations are supported by NR: 2, 4 and 7 symbols.
2.2 Mini-Slot Start Time
For URLLC applications, the frame alignment delay should be minimized. From this perspective, the granularity to access resources every symbol should be supported. The one symbol resource access granularity, if supported, will introduce additional variation in terms of inter-cell URLLC interference and can also increase UE complexity in terms of control channel monitoring/processing. Therefore for URLLC, the mini-slot transmission start time can be limited to every second symbol independently of numerology or configured according to the minimum mini-slot transmission duration. 
In NR design, it may happen that some of the symbols are reserved for forward compatibility considerations. It means that mini-slot symbol allocation may not be physically consecutive. Therefore the symbols available for mini-slot transmission/reception within each slot need to be separately indicated and thus represented in logical domain.
Proposal 2
· For URLLC, the granularity to access resources in time is configurable independently of mini-slot configurations. The following granularities in time are supported: 2, 4, 7 (i.e. every 2nd, 4th or 7th symbol).
· gNB can configure which symbols of each slot can be utilized for mini-slot transmission / reception by UE.
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Figure 1: Mini-slot configuration and resource access granularity: Left {4,2}, Middle {2,2}, Right{4,4}
2.3 Crossing Slot Boundaries
From latency consideration and also link budget considerations it is important to support crossing of slot boundaries by mini-slots. For instance in case of FDD, if packet arrives at the end of slot boundary and from link budget considerations requires transmission of multiple mini-slots, it should be possible to initiate transmission at the end of the slot although it may finish in the next slot. This behavior avoids penalty in terms of maximum link budget and latency.

Proposal 3
· Crossing slot boundaries by mini-slots is supported.
2.4 URLLC Control Channel (NR URLLC PDCCH)
The URLLC control channel can be allocated in the first or the first two symbols of mini-slot. It is desirable to reuse the subset of eMBB NR PDCCH design framework for URLLC services taking into account considerations on the reduced decoding complexity in terms of amount of blind decoding attempts per mini-slot, mini-slot level control channel occasions and control channel blockage probability. The certain restrictions on configuration parameters for NR-PDCCH design can be considered to make it applicable for URLLC, e.g. keep small amount of blind decoding, reduce control channel blockage and ensure minimum control channel reliability (aggregation levels).
Proposal 4
· Strive to have common NR-PDCCH design for eMBB and URLLC services with possibly different configuration settings for URLLC (e.g. low number of blind decodings per mini-slot, reliability level, periodicity of transmission occasions, antenna ports, etc.).
· For URLLC, NR-PDCCH can be allocated in the first or the first two symbols of mini-slot.
2.5 URLLC Shared Channel (NR URLLC PDSCH)

The both TDM and FDM of PDCCH and PDSCH is supported within mini-slot from single UE perspective (see Figure 2). The duration of single URLLC transmission is indicated in PDCCH. The PDSCH transmissions are rate-matched over PDCCH transmission detected within a mini-slot.
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Figure 2: NR PDCCH and NR PDSCH Multiplexing.
3 Performance Evaluation
In this section, we provide system level evaluation of URLLC capacity for InH deployment scenario. In particular, we analyze the following system configurations:

1) Scenario 1: 2 symbol mini-slot; 2 symbol resource access granularity; 2 symbol transmission duration; 60 kHz SCS.

2) Scenario 2: 4 symbol mini-slot; 4 symbol resource access granularity; 4 symbol transmission duration; 60 kHz SCS.
The CDF of PERs for system loading equal to 4 Mbps per cell is shown in Figure 3.
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Figure 3: CDF of PER, InH scenario, system loading 4 Mbps per cell.
Based on the presented URLLC analysis for InH scenario, we conclude that the finer time granularity of single transmission and finer the resource access granularity the better URLLC performance can be achieved. This observation is valid for InH scenario where amount of link budget limited UEs is small. In Urban Macro scenario, the larger mini-slot durations and fine time granularity may be needed in order to provide sufficient coverage.
4 Conclusions

In this contribution, we provided our views on mini-slot design for URLLC services. Based on the presented discussion and results of system level evaluation we have the following set of proposals:
Proposal 1
· Flexible URLLC transmission durations, at least multiple of two symbols (i.e. 2, 4, 6, 8…) are supported by NR.

· The following mini-slot configurations are supported by NR: 2, 4 and 7 symbols.
Proposal 2

· For URLLC, the granularity to access resources in time is configurable independently of mini-slot configurations. The following granularities in time are supported: 2, 4, 7 (i.e. every 2nd, 4th or 7th symbol).
· gNB can configure which symbols of each slot can be utilized for mini-slot transmission / reception by UE.
Proposal 3

· Crossing slot boundaries by mini-slots is supported.
Proposal 4

· Strive to have common NR-PDCCH design for eMBB and URLLC services with possibly different configuration settings for URLLC (e.g. low number of blind decodings per mini-slot, reliability level, periodicity of transmission occasions, antenna ports, etc.).

· For URLLC, NR-PDCCH can be allocated in the first or the first two symbols of mini-slot.
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